Increase of blood pressure during hemodialysis (HD) is associated with adverse outcomes, while cause of the increase in blood pressure during HD is still under debate. It has been suggested that stimulation of RAAS by hypovolemia due to excessive ultrafiltration (UF) during HD is the main risk factor of IDH. We tested the hypothesis wether IDH is associated with measured UF volume during hemodialysis. Methods: Forty eight stable patients who were on chronic HD were enrolled in a case-control cohort study. Thirty patients on maintenance HD without IDH (controls) and 18 with IDH (post HD systolic BP increase ≥10 mmHg than pre HD systolic BP on minimal four from six consecutive HD sessions). We have done a physical examination and past medical history review for all subjects. We also collected current monthly laboratory results. At each subsequent dialysis treatment from six consecutive HD sessions, we collect data of ultrafiltrasion volume during HD, standardized BP measured (after 5 minutes of rest) were done by nurse pre-, during dialysis and postdialysis. Results: We found 37.5% of subject had IDH. Between group we found predialytic systolic and diastolyc BP were similar, but average postdialysis systolic BP was higher on IDH group. Mean of UF volume is higher among IDH patients than controls (3.46±0.65Lvs 2.37±0.77L). Using logistic regression we found significant association between mean of UF volume and IDH (OR = 0.14 (95% CI 0.05-0.43 , p=0.001), In IDH patients 88.9% had excessive UF (UF ≥ 3 L), but in control group only 13.3% had excesive UF. There was significant and strong correlation between excessive ultrafiltration and intradialytic hypertension (p=0.00), odds ratio 11.2 (95% CI: 2.8-43.3). Conclusions: Intradialytic hypertension is associated with excessive UF during hemodialysis. Cite This Article: Kandarini, Y., Widiana, R., Suwitra, K. 2017. Association between ultrafiltration volume and intradialytic hypertension in maintenance hemodialysis. Medicina 48(2): 152-156.
INTRODUCTION
Hemodialysis is one of treatment modality to replace part of the kidney function. Hemodialysis is routinely performed on end stage renal disease or chronic renal failure (CRF) patients. Patients with CRF in increasing numbers, in the year 2005 is estimated about 2 million people, and in 2010 is expected to increase to 2.5 million people. Currently, almost half a million people with CRF need hemodialysis to prolong his life. 1 Although systems and new equipment were developed there are still many people with medical problems while undergoing HD.The common complications in patients undergoing HD is hemodynamic disturbances. Blood pressure usually declines with UF during HD in the majority of patients. Intradialitik hypotension occurs in 5-40% of patients undergoing regular HD, the pathogenesis of intradialytic hypotension were included integrity of the cardiovascular reflex control, cardiac performance, uremic dysautonomia, delayed plasma refilling from the extravascular space, activation of cytokines, changes in blood osmolality, excessive ultrafiltration and release of neurohumoral mediators. [2] [3] [4] [5] [6] [7] Increase of blood pressure during HD was found in 5-15% of HD patients. This condition is called intradialytic hypertension (IDH). 7,8 Some study found association of increase of blood pressure during HD with poor outcomes. [9] [10] [11] There are no standardized definitions of IDH. 12 Some definition were proposed such as: intradialytic hypertension is a condition an increase of blood pressure that persisted at the time of HD and blood pressure during and at the end of HD higher than blood pressure when starting HD. 10 Patient's blood pressure may be normal when starting HD, but then increased so that the patient becomes hypertensive during HD and at the end of HD. Intradialytic hypertension can also occur in patient at the start of HD have high blood pressure and increased by time until the end of HD. Increased blood pressure can weigh up to hypertensive crisis. 10 Intradialytic hypertension is a less recognized and underexplored event in maintenance HD. In a 
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Yenny Kandarini,* Raka Widiana, Ketut Suwitra cohort study on 1748 patients found 12.2% patients had IDH, and IDH was associated with decreased 2-year survival. 11 In patients with heart failure typically with low blood pressure, while HD is also an increase in blood pressure. Increased blood pressure also increases the risk of death by 10 mmHg increase as HD, although the pre-HD systolic blood pressure ≤ 120 mmHg. 11 Some factors are suspected as the cause of IDH such as activation of the renin-angiotensin-aldosterone system (RAAS) as induced by hypovolemia, time of ultrafiltration (UF), overactivity of the sympathetic, the variation of the ion K + and Ca 2+ on hemodialysis, blood viscosity increased as induced by treatment eritropoeitin (EPO), fluid overload, increased cardiac output (COP), antihypertensive medications were withdrawn at HD and vasoconstriction induced by endothelin-1 (ET-1). Among the various factors, the most common cause of IDH is known as the stimulation of RAAS by hypovolemia due to excessive ultrafiltrasion during HD, and variations in the levels of electrolytes, especially calcium and potassium. 10 Ultrafiltrasion during HD done to draw excess fluid in the blood, UF volume depends on patients body weight (BW) and dry body weight target. Dry body weight is body weight where people feel comfortable, no tightness and no sign of excess fluid. In patients with regular HD 2 times a week, increase of BW between hemodialysis session are advised 3 kg, so UF is done not to exceed 3 liters. But generally interdialytic weight gain is rise exceeding 3 kg. In HD with excessive UF, many problems can occur such as hemodynamic and cardiovascular disorders. 1 At the time of ultrafiltrasion will occurs hypovolemia, which then stimulates the RAAS activity that can cause intradialytic hypertension. 10 In this study we want to find relationship between ultrafiltration volume and intradialytic hypertension. This study aims to find out is there a relationship between the ultrafiltration volume during hemodialysis with IDH events in maintenance hemodialysis patients.
METHODS
This case control cohort study on 48 HD to determine whether intradialytic hypertension is associated with ultrafiltration (UF) volume during HD. Subjects were screened from HD facilities at Sanglah General Hospital affiliated with University of Udayana. Eligible subjects were patients on maintenance HD more than 3 months, aged 18 to 60 years, all subject to be on their dry weight target and absence of clinical symptoms of volume overload. Subject were divided on two group (1) cases (IDH), defined as post HD systolic BP increase ≥10 mmHg than pre HD systolic BP on minimal four from six consecutive HD sessions and (2) controls, defined as a there is no increased of SBP post HD ≥10 mmHg than pre HD SBP in at least four of six consecutive HD sessions. We excluded if patients had septicemia, active neoplasm or active wounds, diabetes mellitus, severe anemia, congestive heart failure stage III-IV. We screened 160 HD patients between June 2012 and August 2012. Forty-eighth enrolled in the study (Figure 1 ).
Study Procedures
We have done a physical examination and past medical history review for all subjects. We also collected current monthly laboratory results. At each subsequent dialysis treatment from six consecutive HD sessions, ultrafiltration volume during HD, standardized BP measurement (after 5 minutes of rest ) were done by nurse pre, during dialysis and postdialysis.
Statistical Analysis
We performed descriptive statistics were to compare cases and controls. Chi-squared test used to analysis the ascociation between variable with nominal or categorical scale. We used logistic regression analysis to counting the risk (odds ratio) of ultrafiltration volume with IDH. Probability value of less than 5% is considered to be significant. 
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RESULTS
Baseline Characteristics
Study subjects had an average age of 43 years, 45,8% were male (table 1) . Dialysis duration and cause of CRF, were similar between groups. Dry weight target were higher in IDH group. Predialysis systolic and diastolic blood pressure were similar, but compared average postdialysis systolic BP was higher among subjects with IDH ( figure 2 and  3) . The average intradialytic change in systolic BP during HD was 11.94 mmHg among those with intradialytic hypertension compared with -1.67 mmHg among controls.
Mean of ultrafiltration volume during hemodialysis is higher in patient with IDH than controls (3,4 vs 2,3 L), in all six HD sessions (figure 4) and in IDH patiens more patients had excessive ultrafiltration than in control group (88.9% vs 13.3%).
Laboratory Studies and Dialysis session
Baseline laboratory values including cholesterol, creatinin and hemoglobin serum was lower in IDH group compare to control group (Table 1) .
During six consecutive HD session dry weight target and mean of UF were higher in IDH group compare to control ( 56.2 vs 53.2 kg and 2.3 vs 3.4 L) ( figure 4) .
The association between intradialytic hypertension and ultrafiltration
After six consecutive dialysis session we found 37.5% subject had intradialytic hypertension, and 41.7 % subject had exessive ultrafiltration during dialysis. Mean of ultrafiltration volume is higher among IDH patients than among control (3.46±0.65 L vs 2.37±0.77 L). Using logistic regression we found significant correlation between. ultrafiltration volume and intradialytic hypertension OR = 0.14 (95%CI 0.04-0.43). p=0.001. This correlation still significant after adjusted with age, the number of antihypertensive medication utilization, albumin serum and duration of hemodialysis, OR:0.13(95%CI0.04-0.43). p=0.001. 
The association between excessive ultrafiltration and intradialytic hypertension
Eighty eight point nine percent IDH patients had excesive ultrafiltration, but in control group only 13.3% had excesive ultrafiltration (table 2) . Using chi square test we found that strong and significant correlation between excessive ultrafiltration and intradialytic hypertension OR: 11.2, 95%CI: 2.8-43.3, p value=0.00.
DISCUSSION
Intradialytic hypertension has been reported to be around 5-15% of HD patients. 11, 12, 13 In this study, we found that prevalence of IDH higher than previous study, we found that 37.5% patients on maintenance HD had IDH. There is no standard definitions of IDH may explain the variation of IDH prevalence. During hemodialysis ultrafiltration was done to removed excess fluid from the body. These process make a reduction in plasma volume. To maintain adequate blood pressure, some response can occur, such as an increase in CO and PVR. The first mechanism is stimulation of the sympathetic nervous system. 14 Ultrafiltration is one component of the HD prescription. The amount of UF must in order to achieve optimal conditions euvolemik and normotensive patients. At the time of HD performed ultrafiltration to draw excess fluid in the blood, the amount of UF is done depends on the weight gain (B) patients with HD and targets over time dry body weight (BW) patients. 15 In this study we found that patients with IDH had higher predialysis blood pressure, higher ultrafiltration volume, and more patients had excessive ultrafiltration than controls subjects.
Dry weight is defined as weight in which optimal fluid volume. Determination of dry BW has to be accurate, but in HD centre is not always available clinical tool to determine the dry BW such as bioimpedance spectroscopy. Therefore determination of dry BW made clinically through the evaluation of blood pressure, signs of fluid overload and patient tolerance to ultrafiltration as HD to achieve the target of BW. 15 Definition of dry weight according Argawal weight after dialysis is the lowest that can be tolerated by patients who achieved a gradual shift body weight after dialysis, and there are minimal symptoms of hypervolemia or hypovolemia. 7 Guideline K / DOQI 2006 stated that the increase of interdialytic BW should not exceed from 4.8% of dry weight. For example, in a patient with body weight 70 kg, interdialytic BW rise should be no more than 3.4 kg. 15 
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In conditions of excessive rise in BW's many problems can occurs during HD session, because when HD will be carried out in excess of 4.8% BW. When HD done with excessive UF, problem will arise both hemodynamic and cardiovascular disorders. 1 At the time of the UF occurs hypovolemia which then stimulates the RAAS activity that can cause events IDH. In this study, we found that on IDH group the mean of UF volume was higher than control group, and we found a significant relationship between UF volume and IDH (p = 0.001, OR = 0.14 (95% CI 0.05 to 0.43). This relationship was independent with age, the number of antihypertensive utilization and duration of hemodialysis. 11 Intradialytic hypertension can occurs caused by activation of the raas. Ultrafiltrasion during HD make decreased of intravasculer volume, and then activated RAAS and increased of renin and angiotensin ii secretion. This condition can causing a sudden rise in systemic vascular resistance and an increase in blood pressure. 11 Patients who undergo bilateral nephrectomy rarely develop IDH. This finding support the hypothesis that ultrafiltration results in the over secretion of renin. In patients without native kidneys IDH only occurs if they had a positive intradialytic sodium (fluid) balance. Its can normalized by reduced the target of patients dry weight. 16, 17 This findings support the hypothesis that one of mechanism of IDH is fluid overload. Another study concluded that the administration of an angiotensin converting enzyme (ACE) inhibitor before the start of dialysis treatment might be useful in the prevention of intradialytic hypertension. 14, 18 In our study found that in IDH group excessive ultrafiltration may result in decreased of intravasculer volume that occurs more than controls, thus further stimulate RAAS activity and ultimately blood pressure increase even more and cause IDH events. Until now there has been no report on the relationship between UF volume and IDH.
One study by Flyte et al examined the rate of UF and mortality CVD. From that study it was found that UF is faster in HD patients associated with a greater risk for a variety of causes of death and mortality due to CVD. 19 In our study, we found significant association between excessive ultrafiltration and intradialytic hypertension. Each 1 liter of UF, will increase the risk of IDH 11 times.
